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From molecules to math: patterns of 
human skin
Normal skin exhibits patterns, and consequently, dermato-
logical diseases are often recognized by the distinct patterns of 
skin lesions. The mechanism of pattern development remains 
elusive because of a deficit of focused research. Possible bio-
logical mechanisms as well as chemical and mathematical 
models were recently presented to explain the biological basis 
of pattern formation of skin lesions. One viewpoint promoted 
mechanisms based on cell lineage, region-specific origins, 
melanocyte interactions, anatomy/physiology, hair cycles, 
hormones, and environmental effects. An alternate, although 
not entirely mutually exclusive, viewpoint that was based on 
the notion that pattern formation is the process of a homoge-
neous system moving toward spatial heterogeneity advocated a 
chemical reaction–diffusion model to account for the observed 
patterns. Using mathematical equations to navigate pattern 
formation, this theory was based on chemical concentration 
gradients established during development and was supported 
by studies on stripe and spot formation and on wound healing. 
(Exp Dermatol 15:547–64, 2006)
Neurons and muscle cells and 
melanocytes, oh my!
Over the past decade, significant research has highlighted the 
plasticity of tissue-derived stem cells. Stem cells that give rise 
to melanocytes have previously been identified in the hair 
follicle bulge; however, Yu and colleagues recently isolated 
human hair follicle stem cells (hHFSCs) that are capable of dif-
ferentiating in the presence of induction medium into neurons, 
smooth muscle cells, and melanocytes. These cells, which pro-
liferate in culture as spheres, were capable of self-renewal and 
expressed markers (Nanog and Oct4) of embryonic stem cells. 
These markers disappeared as the more specific lineage mark-
ers appeared during differentiation. In addition, these hHFSCs 
were similarly localized in the bulge of the hair follicle. As most 
stem-cell research has been performed on rodent cells, the 
identification of human HFSCs is particularly exciting, espe-
cially for cell engineering and cell replacement therapies that 
could be developed from the readily available scalp tissue. (Am 
J Pathol 168:1879–88, 2006)
Wrinkles predict lung disease
Cigarette smoking is associated with facial wrinkling and 
is also the major risk factor for chronic obstructive pul-
monary disease (COPD), an inclusive term for restricted-
airway ailments such as bronchitis and emphysema. Although 
smoking is thought to cause most cases of COPD, only a portion 
of smokers develop this disease, indicating a genetic susceptibil-
ity component. Because both facial wrinkling and emphysema 
may be the result of premature aging and loss of elasticity, Patel 
and colleagues examined whether facial wrinkling predicts 
emphysema and airflow obstruction. Analyzing the severity 
of facial wrinkling, forced expiratory volume, and lung tissue 
destruction by computed tomography scans in 149 patients with 
or without COPD, the researchers determined that facial wrin-
kling was strongly associated with the risk of airflow obstruction 
even after correction for age and smoking history. Thus, exten-
sive facial wrinkling in smokers should alert clinicians to assess 
the patients for COPD. (Thorax 61:568–71, 2006)
Lack of tension limits collagen 
production
The reduction in fibrillar collagen that characterizes aged skin 
is especially enhanced after photodamage. In both cases, 
upregulated matrix metalloproteinases degrade the collagen. 
Failure to replace damaged collagen with newly synthesized 
collagen contributes to the damage after sun exposure. To study 
the mechanisms of these factors in chronologically aged skin, 
Varani and colleagues examined skin punch cells from older 
subjects (>80 years) and younger subjects (18–29 years). 
Decreased collagen synthesis in older skin resulted from the 
aging of fibroblasts as well as from diminished mechanical 
stimulation of cells. These results were in accordance with in 
vitro studies demonstrating decreased collagen production by 
fibroblasts after fragmentation of the artificial collagen matrix. 
Thus, mechanical stimulation of fibroblasts contributes signifi-
cantly to collagen production and is disrupted as a result of nat-
ural aging and photodamage. (Am J Pathol 168:1861–8, 2006)
NET degradation
Neutrophils use phagocytosis and degranulation to kill bac-
teria at sites of infection. These cells also secrete neutrophil 
extracellular traps (NETs), which are composed of DNA and 
histones, to capture and destroy invading bacteria. The past 
three decades have witnessed a resurgence of invasive forms 
of Group A Streptococcus (GAS), which cause infections such 
as necrotizing fasciitis (NF) and streptococcal toxic shock syn-
drome. Using cell-based assays as well as a murine model of 
NF, Buchanan and colleagues showed that the activity of Sda1, 
the GAS bacterial DNase, was necessary and sufficient for resis-
tance to neutrophil killing. This DNase caused degradation of 
the DNA framework of the neutrophil NETs. As a result, wild-
type GAS strains were able to avoid elimination by neutrophils, 
whereas GAS strains with a mutated Sda1 were susceptible to 
neutrophil killing. This finding suggests that pharmacological 
targeting of DNase proteins may have a positive impact on 
prevention of disease by GAS bacteria. (Curr Biol 16:396–
400, 2006)
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